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1. Introduction

In the last RAN1#107e meeting, agreements have been made that Rel-17 PDC will include RTT-based and legacy TA-based mechanisms [1]. 

	Agreements

· For Rel-17 

· Support RTT-based PDC method 

· Support PDC method based on legacy TA-based mechanism
· No RAN1/RAN4 specification impact expected
· For RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signaling.
· For RTT-based PDC, existing definitions of UE Rx-Tx time difference (i.e., section 5.1.30 in TS 38.215) and gNB Rx-Tx time difference (i.e., section 5.2.3 in TS 38.215) are reused, with updates at least to reflect the single pair of TRS/PRS and SRS configured for RTT-based PDC.


In addition, the last RAN2#116-e meeting has discussed the Rel-17 PDC issues and agreed to support that the gNB can control the UE-side PDC by RRC signalling, which would avoid the simultaneous PDC at both sides. Specifically, the following agreements have been achieved [2]. 

	Agreements

1. The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.     

2. A new RRC parameter can be introduced to explicitly enable/disable UE-side PDC

3. When reference time information is received in both the DLInformationTransfer message and the SIB9, the UE applies the reference time info in the DLInformationTransfer message.  The UE will follow dedicated signaling if timing reference is received in both unicast and broadcast 

4. The timing synchronization in I-IoT should focus on the signaling between the UE and gNB, i.e. different from Multi-RTT based signalling flow which involving LMF and AMF 


According to the aforementioned progress on the PDC from RAN1 and RAN2, this paper further discusses the following issues.

· UE PDC behaviour
· RTT report overhead
2. Discussion
2.1 UE PDC behaviour
Rel-17 IIOT WI aims to develop a PDC mechanism including PD estimation, signalling, and compensation. In signalling part, RAN2 has agreed to introduce a new RRC parameter, e.g., UE-sidePDC with a value of ‘True/False’, to explicitly enable/disable UE-side PDC. Since the RTT-based solution has been supported by RAN1, the UE may perform the PDC by applying either the RTT-based solution or TA-based solution. There are two main differences between the RTT-based solution and TA-based solution. First, the RTT-based solution has a higher accuracy than the TA-based solution. Second, the RTT-based solution should be pre-configured for a specific UE via RRC signalling, while the TA-based solution can reuse the existing legacy TA-based mechanism which has been configured for each UE. Therefore, the UE PDC behaviour can be classified into different categories according to whether the UE is configured with RTT-based solution. If the UE is configured with the RTT-based solution, then it performs the PDC by applying the RTT-based solution when UE-sidePDC is ‘True’ and does not perform the PDC when UE-sidePDC is ‘False’. 
Observation 1: If the UE is configured with the RTT-based solution, it performs the PDC by applying the RTT-based solution when UE-sidePDC is ‘True’ and does not perform the PDC when UE-sidePDC is ‘False’. 
In Observation 1, once the gNB sends the RRC parameter UE-sidePDC with a value of ‘False’ to the UE, it is highly possible for the gNB to perform the pre-compensation. In order to support the RTT-based pre-compensation at the gNB side, UE shall report the Rx-Tx difference to the gNB.

Proposal 1: UE reports the measured Rx-Tx difference to the gNB to support the RTT-based pre-compensation at the gNB side.
For another case, if the UE is not configured with the RTT-based solution, then it performs the PDC by applying the TA-based solution when UE-sidePDC is ‘True’ and does not perform the PDC when UE-sidePDC is ‘False’.

Observation 2: If the UE is not configured with the RTT-based solution, it performs the PDC by applying the TA-based solution when UE-sidePDC is ‘True’ and does not perform the PDC when UE-sidePDC is ‘False’. 
In Rel-16, the TA-based solution is assumed to be used at the UE but there is no UE procedure text on how to compensate, i.e., it is left for UE implementation. A possible implementation is to use the existing TA value, where TA/2 is assumedly the same as the propagation delay. However, in Observations 1 and 2, the UE completely performs the PDC according to the value of UE-sidePDC and RTT configuration status, thus missing the condition to perform the PDC by its own implementation as in Rel-16. In order to keep consistent with Rel-16, the aforementioned RRC parameter, i.e., UE-sidePDC, shall be optional. That is, the UE shall perform the PDC as stated in Observations 1 and 2 when the parameter presents; otherwise the UE shall fall back to the Rel-16 behaviour, i.e. UE-implementation to apply TA-based PDC.
Proposal 2: When the RRC parameter UE-sidePDC is absent, the UE shall fall back to the Rel-16 behaviour, i.e. UE-implementation to apply TA-based PDC.
2.2 RTT report overhead
For RTT-based PDC solution, UE specific DL/UL reference signals shall be configured. In RAN1#106-e meeting, the following agreements about reference signals for RTT-based PDC solution have been made [3]:

	Agreement
Support the following configurations for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.  

· At least one CSI-RS for tracking (TRS) configuration for Rx-Tx time difference estimation at UE side if PRS is not configured
· At least one SRS configuration for Rx-Tx time difference estimation at gNB side


In order to derive the PDC value, the Rx-Tx time difference for a pair of DL/UL reference signal needs to be measured at both the UE side and the gNB side. The accuracy of the derived PDC value would depend on the bandwidth occupied by the reference signals. In order to achieve a certain level of synchronization accuracy for UEs in industrial environments, a correspondent amount of PRBs shall be allocated for the reference signals. Therefore, as the number of served UEs increases in a cell, the resource overhead may become a critical issue for RTT-based PDC solution. With more wireless resources being occupied for reference signals, fewer resources will be left for the transmission of TSC traffic. Considering that TSC traffic is usually resource consuming due to stringent requirements of latency and reliability, the resource overhead issue may have negative impact on the number of TSC UEs supported by a cell. Thus, in summary, RTT-based PDC solution will result in resource overhead and power consumption (for transmitting the PRBs), which needs to be further studied. 
Proposal 3: Methods to avoid excessive resource overhead and power consumption in RTT-based PDC shall be further investigated.

3. Conclusion

In this contribution, we made some further analyses for different PDC solutions, and provided the following observations and proposals:
Observation 1: If the UE is configured with the RTT-based solution, it performs the PDC by applying the RTT-based solution when UE-sidePDC is true and does not perform the PDC when UE-sidePDC is false. 

Observation 2: If the UE is not configured with the RTT-based solution, it performs the PDC by applying the TA-based solution when UE-sidePDC is true and does not perform the PDC when UE-sidePDC is false. 

Proposal 1: UE reports the measured Rx-Tx difference to the gNB to support the RTT-based pre-compensation at the gNB side.
Proposal 2: When the RRC parameter UE-sidePDC is absent, the UE shall fall back to the Rel-16 behaviour, i.e. UE-implementation to apply TA-based PDC.
Proposal 3: Methods to avoid excessive resource overhead and power consumption in RTT-based PDC shall be further investigated.
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